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Introduction
Anthropogenic activities change the chemistry and water quality of streams, rivers, and lakes (Foley et al., 2005 , Carpenter et al., 1998 and are largely dependent on land use. One of the most common contamination problems is the addition of excess nutrients. Nutrients can come from natural or anthropogenic sources, but those that come from human sources typically degrade water quality and damage ecosystems (Foley et al., 2005) . Land use typically determines the type and quantity of nutrients dissolved in fresh waters. Cropland can contribute excess nutrients due to the use of fertilizers. Pasturelands typically contribute excess nutrients and fecal microbes from stock feces. Eutrophication is the result of excess nutrients in freshwater systems that causes algae overgrowth and changes in ecosystem composition (Carpenter et al., 1998) .
Excess algae leads to an overabundance of decaying organic material in the water, which takes oxygen out of the water. Decreased oxygen amounts then cause a change in the organisms comprising freshwater ecosystems, often leading to decrease or absence of naturally occurring stream organisms. Decreases in oxygen content can also cause sharp decreases in water quality (Carpenter et al., 1998) . Dubrovsky et al. (2010) examined nutrient contamination and summarized findings from water-quality studies conducted between 1992 and 2004 to create a national dataset of nutrient concentrations from across several hydrologic systems within the United States. We use these data to compare the nutrient contamination of the Otter Creek watershed to watersheds throughout the country.
Fecal microbes are another important factor in determining the quality of surface waters.
Disease-causing fecal microbes can be hazardous to the health of humans and other organisms. Studies performed by the U.S. EPA the the 1970's and 1980's created these guidelines for acceptable levels of fecal contamination for activities in marine and fresh waters (U.S. EPA, 1986 ). An initial study tracked rates of illness among recreational water users across different levels of contamination. Using Escherichia coli, a common intestinal microbe, as a proxy for the potential occurrence of pathogenic fecal microbes. More recent publications (U.S. EPA, 2004) have set guidelines for levels of contamination as follows: for bathing, less than 235 colony forming units per 100 milliliters (cfu/100 mL) of E. coli is recommended. 'Recreation only' lies between 235 cfu/100 mL and 575 cfu/100 mL. Values above 575 cfu/100 mL is designated as 'no human contact recommended'.
Otter Creek Watershed
The Otter Creek watershed ( Table 2 ). On June 19 and June 22 (Fig. 2) , we sampled before and after a major rain event associated with the tropical storm Bill. Sampling on July 6 was preceded by rain on July 4 and 5, during which all streams were flowing. For the final sample date on July 7, no rain had occurred within the week prior, so there was weak or no flow in smaller streams and tributaries.
For nutrient measuring, samples were pressed through a 0.45 μm filter to remove particulates and larger biota, and placed in pre-acidified vials (H2SO4) to kill any living microbes and keep dissolved nutrient species in solution. For fecal microbe measurements, 100 ml samples were collected at the same location as nutrient samples and then the samples were put on ice and transported back to the lab.
We used colorimetric methods to measure nutrient concentrations using a UV-VIS cadmium reduction for nitrate (Hach, 1986 , Eaton et al., 2005a , sodium hypochlorite for ammonium (Solorzamo, 1969 , Eaton et al. 2005b , and ascorbic acid for phosphate (Strickland and Parsons, 1968, Eaton et al., 2005c to turn a fluorescent blue. This number is also referenced to determine concentration. The maximum count possible without dilution is 2419.6 colony forming units per 100 milliliters (cfu/100 mL).
Results
Nutrient concentrations varied within each of the subwatersheds of Otter Creek. The
West Fork had low concentrations of phosphate and ammonium for each of our sampling dates ranging between 0.0 to 0.1 mg/L (Fig. 3 -6 ). Ammonium here was typically low for all cfu/100 mL and 727.0 cfu/100 mL occurred at stations HBR and HBT respectively (June 19).
June 22 had increased E. coli concentrations with 4 stations reaching the measurement threshold and the remaining stations having higher or similar values than the previous sampling date. July 6 continued overall higher concentrations with an average of 998.9 cfu/100 mL and the maximum occurring at station TBC (1732.9 cfu/100 mL) and the minimum at station HBR (365.4 cfu/100 mL). July 27 had lower concentrations averaging 614.4 cfu/100 mL with stations TBC, WFC, and BER showing higher concentrations.
The East Fork, much like the West Fork, had overall low concentrations of phosphate and ammonium (Fig 1-4 high concentrations on July 6 with concentrations ranging between 1119.9 -1732.9 cfu/100 mL.
The lowest E. coli values occurred on July 27 averaging only 880 cfu/100 mL. cfu/100 mL and 3 stations recording the threshold of 2419.6 cfu/100mL. July 27 had the lowest E. coli concentrations of any sampling day with average concentrations of 455.8 cfu/100 mL and only one station CC reaching the maximum of 2419.6 cfu/100 mL.
Discussion
There is evidence for two significant and separate phosphate sources within the Otter Creek watershed. Phosphate generally showed low concentrations for all sampling days within the watershed, but phosphate levels along Dreaming Creek remained consistently higher, indicating a consistent non-point source of phosphate contamination along Dreaming Creek. The most likely, high-volume source here is leaky sewage distribution pipes because upstream of station DCC there is no cattle pasture and residences are on the city sewer system. The sewage treatment plant along Otter Creek ( Fig. 1 ) is a point source of phosphate. Phosphate within the plant discharge is high on July 6 and July 27 (Table 3) show anomalous spikes in ammonium concentration. Thus, cattle manure seems to be a nonpoint-source for ammonium. The sewage treatment plant is a minor source of ammonium on July 27 (Table 3) .
Nitrate measurements from all sampling days show higher concentrations than that of phosphate and ammonium. Dreaming Creek has higher nitrate levels for all sampling dates, and high fecal microbe levels (Robin et al., 2015) . High co-occurring levels of phosphate (see above), nitrate, and fecal microbes strongly suggests that leaky sewage pipes are a likely source because pastureland and septic systems are eliminated as possible sources. Sewage treatment plant discharge is also a major point source for nitrate contamination, especially on June 19, July 6, and July 27 ( cfu/100 mL post-storm. Eight stations reaching the maximum level of 2419.6 cfu/100 mL after the rainfall event compared to 17 stations before tropical storm Bill.
Overall Comparison to National Levels
Durbrovsky et al. (2010) have established a national data set for nutrient levels in the United States. Figure 6 shows a box and whisker plots for this national data set with median, 
Summary
The Otter Creek watershed of Madison County, Kentucky is an area dominated by pastureland, rural housing, and some cropland. Therefore, the most probable contaminants are elevated levels of nutrients and fecal microbes. Likely non-point sources for contaminants are septic tank leakage, cattle manure in pastures, and fertilizer used on cropland and elsewhere. A sewage treatment plant operates within the watershed and acts as a point source for some nutrients.
Phosphate concentrations were low for all sampling days, with consistently higher concentrations on Dreaming Creek and in the sewage plant discharge. Leaky sewage distribution pipes are the likely source for phosphate along Dreaming Creek, whereas the sewage treatment plant is a point source for phosphate.
Ammonium concentrations were also low for all sampling days with spikes in concentration being coincident with pastureland drainage. Cattle manure is a likely non-point source for ammonium. The sewage treatment plant is also a minor point-source for ammonium (July 27) Nitrate was the most significant nutrient contaminate with concentrations between 1 to 4 mg/L. Dreaming Creek consistently had higher levels, pointing to leaky sewage distribution pipes as a non-point source. The sewage treatment plant was also a significant point-source for nitrate contamination.
E. coli had higher concentrations that were coincident with the drainage of cattle pastures. High concentrations along Dreaming Creek suggest an adjacent source of E. coli contamination, which can likely be attributed to leaky sewage pipes. We have no national data set for E. coli contamination, but the U.S. EPA designates levels greater than 575 cfu/100 mL as 'no human contact recommended'.
Pre-and post-rain event concentrations show that contaminants were affected differently by rainfall. Phosphate and ammonium levels were diluted by rainfall overall, whereas nitrate dramatically increased, purportedly being flushed out during the rainfall event E. coli also showed increases in concentration across many sampling sites after the rain event. The Otter
Creek watershed is generally less contaminated than other agricultural lands in the United States for phosphate, ammonium, and nitrate. (Dubrovsky et al. 2010) , likely because of the lack of fertilized cropland, but contamination is significant. Rains from tropical storm Bill peaking two days before sampling; all streams flowing 6 July Rain on July 4, 5; all streams flowing 27 July Prior week with no rain; ponded water, weak or no flow in smaller streams 
